
Vainshtein Screening



Galileon employs Vainshtein Screening and highly non-linear Lagrangian, but 
equations of motion only have second order time derivatives
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where      andc0 cG are the conformal and disformal couplings
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0mPlwe take to be of cosmological interest

c2 > 0and to avoid ghosts in Minkowski space
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these are the remaining 
terms and play a role 

cosmologically



For c3 non-zero the spherically symmetric solution is
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Non-linearities dominate inside the Vainshtein radius to screen the Þfth force
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Both conformal and disformal couplings to matter are severely constrained.

c0 leads to large variations in particle masses when coupled to baryons

cG coupled to baryons is constrained by LHC and to photons by variation of the speed of light
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Shape Dependence

Vainshtein screening usually considered for spherical objects, except one case where 
planar symmetry was considered.  We extend the analysis to cylindrical symmetry, 

appropiate for many astrophysical bodies.

Consider the equations of motion for the Galileon under the assumption of 
static conÞgurations.

Assume matter conÞgurations of energy density s.t.

Tµ
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We now analyse different cosmological shapes.

Bloomfield, Burrage and ACD 1408.4759



ds2 = ! dt2 + dx2 + dy2 + dz2

Taking the Þeld to depend on z we Þnd that only the quadratic and coupling 
term survives, in agreement with Brax, Burrage and ACD, and
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Planar Symmetry

The metric is
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Cylindrical Symmetry

Using the metric

ds2 = ! dt2 + dr2 + r2d✓2 + dz2

with ! = ! (r ), " = " (r ) the quadratic, cubic and coupling terms contributes
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We then get

! =
! 3

4

! "

1 +
r 2
v

r 2
0

! 1

#

r 2

� =
⇤3

4


r2
 r

1 +
r2v
r2

� 1

!

+ r2v ln

 
r +

p
r2 + r2v

r0 +
p

r20 + r2v

!�

for r < r0

r > r0

for r > r0

giving
F!

FG
= 4 ! 2 r

r v

Note less screened 
than spherical case



Spherical Symmetry

Only the quintic term doesnÕt contribute, giving the equations of motion

Using the metric
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⇢ = ⇢0, r < r0taking we can Þnd solutions without and with the quartic term

In the general case the Vainshtein radius is

and the Þfth force is
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Figure 1: Radial screening for an oblate object

Figure 2: Vertical screening for a prolate object

Figure 2 shows the opposite trend of screening weakening as an object be-
comes more prolate, again except at the poles. This matches with the observa-
tion in literature [3] and the Taylor expansion I did for nearly spherical objects.
The same trend is followed by radial screening(not shown).

Figure 3 shows my attempt to compare the oblate and prolate solutions
obtained via di! erent methods. Both become more homogenous as the object
becomes more spherically symmetric, but do not agree within a small error. This
may be due to using inconsistent background densities as mentioned above.

5 Conclusions

For the set of values used in my numerical simulation: " c = 0 .01, " ! = 1,
! c = 2 .67 ! 1047, ! bkg = 1, mc = 7 .3 ! 1024, m! =

"
3e(where I implicitly set

n = M = 1 for the bare potential and M pl = " = 1, w = 0 for the coupling
with single-species, pressure-less dust), the solution is always in the thin-shell
regime for the inÞnite plate.

The ratio of the screened(no-shell) and unscreened forces for an inÞnite plate
is
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Chameleon Screening


